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ABSTRACT 

This report defines spatial ability operationally 
(consisting of three components) and reviews possible sex differences 
in this ability as reported in the literature. The relationship 
between mathematical ability and spatial ability is discussed. 
Researchable hypotheses about how differential spatial ability may 
effect mathematics achievement are suggested. (Author/LS) 



ERIC 



us DCTAttTMCNTOf HCAI TH. 
lsOUCATlON»WiLFAI?« 
NATIONAL INITITUTC OP 
EDUCATION 

fHiS DOCUWI NT HAS BFrN HEPHO 

ourro cxAf TiY AS «Ecnvf:o f kow 

AriNCi IT POINTS or VttW 0« 0»'INl(3NS 

stati:d pel NUT Ni:crsSABtLV mi pwe 

SHNT Of f II lAL NATIONAL INSTITUTf 01 
COUCATiON f'OMflON OM iCV 

MKIHEMATICSr SPATIAL ABILITY AMD IHE SEXES 
Elizabeth Fennena 
Ohiversity of Wisconsin-Madison 



In viritlng a paper about mathematics and spatial ability, one 
is confronted with two dilenmas: (1) there is too much informa- 



tion on spatial ability to reviw the literature adequately , and 
(2) there is too little information about spatial ability and 
mathematics to cone to any final conclusion about their relation- 
ship. In spite of these dilenroas liowever, this paper will try to 
give an overview of sex differences ir* spatial ability and how 
mathematics and spatial ability might be related. Also sane sug- 
gestions for iresearchable hypotheses about hew differential spatial 
ability may effect mathematics achievement will be made. 



Spatial Ability and the Sexes 



Male st?)eriority over females in tasks meastaring spatial ability 
is an aco^rted truisn which has been documented by many authors 
(Garai and Sdieinfeld, 1968? Macccby, 1966; Kagan ax^ Kogan, 1970? 
Kogan/ 1972; Sherman, 1967? Anastasi, 1958? Tyler, 1956). Macooby 
and Jacklin recently (1973) confirmed this again when they sunmarized 
the literature by stating that "spatial ability continues to be the 
, area (i.e. intellectual area) in which the strongest and most conr 
sistent sex differences are fourd." When significant differences 



in performance on spatial tasks are found, they usually indicate 
beys' si:53eriarity. However, such differences are often of relatively 
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small magnitude and mary times the variation within sexes is great- 
er than the variation between sexes. This is particularly tirue in 
the area of the field independence tasks* reported by Witkin (Kagan 
and Koganr 1970) • Hiis sex difference in performance on spatial 
tasks has received considerably more attenti,on than sex differences 
in matheniaticcil ability even though some believe that the difference 
in spatial ability is much less pronounced and consistent than the 
sex differences in mathematical ability (Kogan, 1972) • 

When sex differences in spatieil task performances appear is 
unclear. Coates (1973) in a review of field independence studies , 
ocaicluded that a majority of the studies, where a valid measure of 
field independence was used, indicate that girls perform at signi- 
ficantly higher levels than do boys before the age of five. In early 
summaries Maccd^y (1966) believed differences in spatial ability 
favoring males were evident by early school years while in a recent 
publication (rdaccoby and Jacklin, 1973) the conclusion was that "such 
differences are minimal and inconsistent until 10-11 years of age 
y^ysn the superiority of beys becomes consistent." 

It is interesting to note that this sex difference in perform- 
ance on spatial tasks does not appear in all cultures. Kabanova- 
lyieller (1970) reports that sex differences do not exist between 
Russian boys and girls in Grades 4, 5 ai^ 6, although as is usvial 



*Tliese field independence taslcs have been shown to be spaticil 
in character (Sherman, 1967? Sherman, in press? Maccoby and Jacklin, 
in press?) and prc^)erly belong in a discussion of sex differences 
in spatial task performanceo 
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in the Rassian literature, little atpirical data was reported to 
siibstantiate this belief • Bercy (1966) and Kleinfeld (1973) report 
that while Eskimos appear to have highly developed spatial skills, 
no difference is found between spatial ability of male and female 
Eskimos* 

tJhen significant sex differences in spatial ability in our 
cultxare aj^jear and, although the magnitude of the difference may be 
small, there seems to be concensus that there is male superiority 
in performance on spatial tasks, evident at least slightly before 
or at the onset of puberty and continuing well into adulthood. Of 
particular importance to this discussion is the paralleling of de- 
velopment of sex differences in mathematics achievement and spatial 
ability* No significant sex differences in either mathematics 
achievement nor spatial task performance have been consistently re- 
ported in svibjects of 4-8 years of age* Sex differences in perfonre- 
ance on both types of taste become more pronounced between \jpper 
elementary years and the last year of high school and the differences 
show a pronounced increase during this time-span (Fennana, 1974; 
Maocdjy and Jacklin, 1973) . 

It appears reasonable to hypothesize that since there is this 
concurrent de^ralopmental trend and since tests of spatial ability 
contain many of the same elements contained in mathematics, the two 
abilities might interact and affect the learxaing of mathematics • 
Perhaps less adequate spatial ability may partially expleiin girls* 
inferior performance in mathematics o 



The Relationship Befajeen Itethonatlcs ar>d Spatial Ability 

Defining and describing spatial ability has been the job of 
cxirplete books as well as chapters in other books (Shiith, 1964; ICa- 
gan and Kogan, 1970; Wardelin, 1961) . II: ^3peaT:s not to be a 
xmitary factor but one itBde up of two or irore f actoirs r the nuttoer 
and names of these factors differing with /-jrlcus aathors (Stnith, 
1964) . One factor, which is genereilly agreed tpon is spatial visual- 
ization vMdi involves visiial imagery of dejects and movement or 
change in the objcicts themselves or change in their properties. In 
mathenatical tenns, spatial visvialization requires that objects be 
rotated, reflected and/or translated. Particularly in the area of 
spatial visualization is tlie relationship between mathematics and 
spatial ability logically evident. 

One area of mathematics Which is closely related to spatial 
visualization is Geometry. James and James (1968, p, 162) define 
geonetry as "the science that treats of the shape and size of things. . 
The stu*^ of invariant properties of given elements under specified 
groi;5>s of transformations" o A gecroetrician oould easily look at 
most spatial visualization tests and recognize transformational geo- 
metry ideas represented pictorially. Many mathematicizms believe 
that all of mathematical thought involves geanetrical Ideas. The 
total djRcinllne of mathematics has been defined as the language 
for describing those aspects of the world vMch can be stated in 
terms of "configurations" (Br-jnowsfcir 1947). Meserve (1973^ p. 249) 
believes that eadi person v*o inakes ertensive use of all areas of 



mathematics lases the modes of thought of geometry at every turn 
and that "even the most abstract geometrical thinking must retain 
some link, however attenuated, with spatial intuition." In the 
Russian literature, Mathennatics and spatial abilities are regarded 
as inseparable (Kabanova-rfeller, 1970) . 

Not only are spatial components an integral part of tlie struc- 
ture of mathematics, but spatial representations are being increas- 
ingly included in the teaching of mathematics. E.g. the Piagetian 
conservation tasks, vjhich are becoming a part of many preschool 
programs, involve focusing on correct spatial attributes before 
quantity, length, and volume are conserved. Most concrete and pic- 
torial r^resentations of arithmetical, geometrical and algebraic 
ideas a5^)ear to be heavily reliant on spatial attributes. The number 
line, which is used extensively to represent whole nuribers and op- 
erations on them, is a spatial representation. 

Even focusing on the iitportant mathonatical attributes of 
counters involves being able to spaticilly separate eacii ooimter from 
its enviroiment and to see it as a distinct entity. TSiis must re- 
quire at least an ability similar to the one required to do the tasks 
on the Brtoedded Figures Test - a common test of spatial ability. 
Ocitimitativity of multiplication illustrated by turning an array 90 
degrees, involves a direct spatial visvialization skill. Many other 
exanples oould be cited. 

Although the relationship of mathematical ability and spatial 
ability appears logical, empirical data confirming a positive 



relationship is less clear. Many factor analytic studies have ex- 
plored this relationship and several autliors have re\deived the lit- 
eratiure. Son^e investigatrors have definitely concluded that spatial 
ability and mathotiatics ability are not related. In 1967, Very 
(p. 172) concluded "Research on spatial ability has failed to pro- 
duce any significant correlation of (the spatial factor) with any 
facet of mtherraticG perfoiinance." Fruchter (1954, p. 2) stated tliat 
"spatial ability is unrelated to acadendc performance with the pos- 
sible exception of a few very specialized courses such as engineer- 
ing drawing." Smith (1964, p. 127, p. 68) concluded that although 
"there are several studies v*dch indicate consistently that spatial 
ability is important in tests which are genuinely matheraatical as 
distinct f ran those vftiich involve purely mechanical or cotputation- 
al processes . . « the question whether the mathanaticcil ability is 
dependent on the visual factor (or factors) has not been definitely 
answered.*' 

Even in the specialized mathematical area of geonetry where 
logically one would expect to find the strongest relationship, em- 
pirical findings do n^t clearly indicate that the two are related. 
Lim concluded in 1962 after a thorough review of relevant Jiterature 
"Unfortunately the evidence for a relationship betar/een geometric 
ability and spatial visualization renains inconsistent and unreliable." 
Werdelin (1961, p. 39) was also not willing to conlcude definitely 
that errpirical data indicated that spaticil ability and gecmetry abil- 
ity were related. However, he felt that "there is strong pedagogical 
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reason to believe in a oonnec±lon befaween the ability to visualize 
and gecmetric ability/' 

Other authors feel that data indicate a positive relationship , 
In 1951, Guilfbrd, Green and Christensen conlcuded that spatial visual- 
ization ability helped in solving matheroatics problems, French 
(1951r 1955) also showed that successful achievement in mathematics 
depends to sane extent on tise of spatial visualization skills. In 
a recent Jreview Aiken (1973 , p. 406-7) concluded that spatial-perceptual 
ability was one of the "most sailent" mathematical factors e)ctracted 
in various investigations. 

Obviously, the relationship between learning in mathematics and 
spatial ability is not clear and the need for more data is great. 
Even less is laiown about the effect that differential spatial ability 
has on the mathematics learning of boys and girls. Several questions 
cone to mind which, \f*ien investigated may provide some important in- 
sight into the relationship betxveen mathematics learning, spatial 
ability and the leamiiig of mathematics by boys and girls. 

Miat is the effect of spatial ability on mathematical learning at 
various developmental levels? 

Staith (1964) has hypothesized that \A)ile spatial ability may 
not be related to mathematics ability at beginning stages of math- 
ematics learning, advanced mathematics learning increasii^gly depends 
upon spatial ability. It vjould appear that this hypothesis was made 
after surveying a nunber of studies ^idiich used high sdiool or col- 
id 
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lege students as sxibjects and relatively sophisticated matheniaticcLl 
ideas as criterion measures. Little or rK> data were presented from 
studies with younger learners. UcMe^rer, in 1964 one could have 
built a strong argunent that logically supporte I the idea that spa- 
tial ability was not related to mathematics ability at beginning 
stages of mathematics leamii^. Little or no geometry was taiaght 
at the pre-high school level and most pre-high school mathematics 
tests vould not have included gecmetrical itents. Such tests would 
have focused primarily on arithmBtical/ooroputational ideas, the lat- 
ter of which has been found to be negatively correlated with spatial 
ability (tferdelinr 1958). Therefore, Shiith's hypothesis that spa- 
tial ability was not related to mathematical ability at beginning 
stages of mathanatics learning was logical in 1964 because the tests 
used to measure mathatnatics achievc^n:tent probably inclxjded few items 
relevant to spatial ability. Ihese tests reflected the mathematics 
program previous to 1964. 

However, since 1964, a major change has taken place in inost K-12 
nathematics curricula. More en^^hasis is placed on the structure of 
mathematics and its unc3erlying principles » Qec^oetv/ has become an in- 
tegral past of the entire mathematics curriculnn. Increasingly math- 
ematics is tam^t as an interrelated system of ideas. In order to 
learn new ideas, learners are dependent xspom prerequisite ideas in 
their cognitive structure. Little is kncwn oonoeming the inpact 
of spatial ability on the acquiring of these prerequisite mathematical 
ideas on v^hich all later mathematical knowledge is based. It appears 
to be of the utmost inportance. 
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DGVQlqfinental psydiologists patterned on Plaget have theorized 
that at different stages of congltlve developnent certain modes of 
thought predcRiinate and ideas are added to one's cognitive structure 
by utilizing actions, synix>ls ivhich represent those actions, and sfym- 
bols along in saneMhat different blends. According to this theory, 
mental structures are formed by a continued process of acocninodaticxi 
to ai^a assimilation of the environment, nils adaptation (aoccnmodation 
and assinalatdLon) is possible because of the actions performed by 
the individual upon her environment, These actions change in chcu?- 
acter and progress from overt, sensory actions done almost oonpletely 
outside the individual? to partially internalized actions vAiich can 
be done vdth symbols r^aresenting previous actions; to ocnplete ab- 
stract thought done entirely vdth symbols, Ihus, developnent in oog- 
nitlve growth progresses fron the use of pt^sical actions to form 
schemas to the use of synix>ls to form schemas, i.e., learners change 
feom a predominant reliance vpon pi^siccd, actions to a predominant 
reliance vpon syn4»ls. 

Mathematical educators have increasingly accepted this theory 
of cognitive development and have translated it into educational 
practice by an increased errphasis vpon the instructional ixse of 
three modes to represent mathematical ideas, i.e., concrete (en- 
active) , pictorial, (ikonic) , and syittoolic. The blend of the usage 
of these representational modes should reflect the cognitive develop- 
mental level of the learxier. Particularly at early stages of mattienatical 
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learning it is in|»rtant to provide learners with ooncrete represen- 
tations of mathematical ideas while syirbols assune increasing iin- 
portance as learners mature and mathematical ideas become more com- 
pleoc. 

As was illustrated earlier, most ooncrete and pictorial represen- 
tations of mathenvEitical ideas include spati^ attributes, sons of 
which are relevant to the mathematical idea being taught and some of 
vghich are not. Since the only way to add sinple mathematiccil ideas to 
one's cognitive structure at early developmental levels is by interac- 
tion with concrete or pictoricil materials v^uch represent those ideas, 
and since those rej^resentations depend heavily on spatial attributes, 
if for sane reason one is hartpered in perception of those spatial 
attributes then om^ is hanpered in learning those early mathematical 
ideas. Without kncx^ledge of these ideas r it is impossible to learn 
advanced mathematics, therefore, spatial ability or the ability to 
learn spatially apjpears to be of utmost inportance at early stages of 
learning. 

Shernan (1967) has suggested that boys outperform girls on spatial 
tasks because they peurtdcipate voluntarily in more spatially oriented 
activities. Girls learn to read more easily than do boys. Beca\ise of 
ease of use of symbols i.e. , reading, do girls voluntarily or are they 
encouraged to rely more heavily on symbols to learn mathematics rather 
than using ooncrete or pictorial representations? If so, perhaps in- 
adequate usage of spatial representations may hartper both the develop- 
ment of tlieir spatial ability and ability to do well in more advanced 
mathematical learning. 
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Nd data Is available to give Insist into this question. Eht- 
piric£LL data fran studies dealing with the use of v2u:ious represer^- 
tational nodes are not oonclusi VQ about even the vsdue of concrete 
and pictorial representations and as far as this author knee's no 
study has included i:i?atial ability as a control factor. Certainly, 
imre data are needed. 

What is the interaction effect of other abilities and spatial 
ability on achievement in mathematics? 

t'Terdelin (1961) sOxmoA that girls were able to prove verbal 
theorems better than boys but were less able to translate viords 
into f igural images and then to transform those images in a directed 
way. It is an accepted truism also that feraedes* verbal ability is 
more highly developed than males. Does the develcpnent of verbal 
ability in sane way interfere with develcpnnent of spatial ability? 
Vl^rdelin (1958) in a factor analytic study found one visual factor 
in high school students which was related to a factor he called a 
roathematiccil reasoning factor. Interestingly # he found the oor^ 
relation between his visual factor and a numerical (or ooniputationr 
al) factor was negative. Females often score higher on tests of 
oonp^ti^ than do males. Perhaps hictfier developnent of numerical 
or ocnputational ability interfered with developnent of spatial 
ability. Both of these questions ^pear related to the earlier one 
of the izipact of spaiaal ability on early mathematical learning. 
Does facility with syirbols — conputational or vextoal — interfere with de- 
velc^inent of spatial ability? 
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VBiat is the effect of possessi3ig a greater variety of v;ell 
developed abilities on itatixerratics learning? 

Harris and Harris (1972) , Vferdelin (1958) , and Very (1967) 
have shown a larger mittoer of space factors for males than for fe- 
males. Werdelin (1961) oonclvxied that if one could attack a problan 
either verbally or spatially^ one would be more apt to be able to 
solve it, as his data showed that boys were stperior on items vMch 
measured the ability to conprehend the organization of a visual 
figure and to reorganize. Where items could be solved by ve2±)al 
means and did not require that the problems be translated into a 
mental figure, no sex differences were found. Perhaps because males 
have developed more abilities than have females they are enabled to 
attack mathematical prdblems in a variety of ways and thus are able 
to score hi^ier on mathematical achieivement tests. 

What sex dif ferenoes in mathenatics achievement would be found 
if spatial ability were not a factor? 

Tittle (1973) has shown that many tests, oonnonly used to measure 
adiievement, are sexually biased. Certainly if a mathematics test 
contains many items that require spatial ability to solve, girls will 
nDt do as well as will boys. It would be very interesting to con- 
struct a test that had little or no spatial content in it and can- 
pare the sexes on achievement. Perhaps no differences will be 
found if the test content is controlled in the spatial area. On the 
other haivi, spatial visxaalization may be such an integral part of 
liigher mathematical thinJdng that eliminating spatial aspects of 
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mathematics tests too narxoMrly restricts the area of mthematical 
thinking. Ohis aspect should be investigated. 

Implications and Directions for Further Research 

Data related to the questions found in this ipaper will be 
helpful. Also needed are data vAuch give insist into how spatial 
ability is developed. Several investigators (Kleinfeld, 1973) have 
suggested that spatial ability is as inportant as are other abilities 
\*adi have received extensive attention in the schools, i.e. veri^al 
ability. Certainly a plethora of abilities will be more effective 
in dealing with modem day society than will one, so this appears 
reasonable. Although the main concern of this paper was to explore 
one facet of girls achieve at lower mathematical levels than do 
boys, it is also hoped that one of the outocroes will be an increased 
awareness of a specialized ability that has received inadequate at- 
tention fron mathenatics educators in recent years. Hopefully, more 
data will be forthccndng in this iirportant area. 

It is tenpting to look for a simplistic e}4>lanation for sex 
differences in mathematical achievement. If one says that such dif** 
ferences are the result of differences in spatial ability, one has 
sudi a sixiplistic ea^lanation ^nidi is totally ii^adeguate. Diis 
paper by no means suggests that sex differences in spatial visttal-* 
ization is the only factor contributing to sex differences in mat^ 
ematics achievement. Other possible factors include the hypothesis 
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that f ev^er females than males inherit a gene for quantitati-je 
reasoning (Stafford, 1972) ; stereotyping of iratheraatics as a male 
ckannain; lack of encouragement of fenales by parents and peers; and 
lack of clearly perceived vocational plans for females v*tich 
wcxild include the vise of mathenatics. Nonetheless r spatial ability 
is one factor vMch may contribute to mathesiatics achieveinent and 
certainly this relationship warrants further investigation,. 
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